Background Endoscopic submucosal dissection (ESD) has become accepted as the standard treatment for early gastric cancer. However, comparative outcomes of ESD and surgery have not been evaluated for adenocarcinoma in the esophagogastric junction (EGJ). We investigated the longterm outcomes of ESD compared with those of surgery for adenocarcinoma in the EGJ. Methods Patients who underwent ESD or surgery for Siewert type II adenocarcinoma between 2005 and 2010 and who met the absolute and expanded criteria for endoscopic resection were eligible. Clinical features and treatment outcomes were retrospectively reviewed using medical records. Results Of the 79 patients included, 40 underwent ESD and 39 underwent surgery. During the median follow-up period of 60.9 months (range, 13.1-125.4 months), the 5-year overall survival rates were 93.9% and 97.3% for the ESD and surgery groups, respectively (p = 0.376). There were no gastric cancer-related deaths in either group. Adverse events occurred in 11 patients (13.9%) overall, and the incidence of treatment-related adverse events was similar between the two groups (10.0% vs. 17.9%, p = 0.308).
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Introduction
Adenocarcinoma of the esophagogastric junction (EGJ) has shown an increasing trend over the last decades, particularly in Western countries [1, 2] . In contrast, studies on the incidence of EGJ adenocarcinoma have found no evidence of changing trends in Korea [3, 4] . EGJ adenocarcinoma has a different etiology and clinicopathological features compared to distal gastric carcinoma. Because most adenocarcinomas of the EGJ are diagnosed at an advanced stage and with a higher incidence of lymph node metastasis, the prognosis is worse than for those involving the distal stomach [5] [6] [7] . Hence, early detection and treatment is important for patients with EGJ adenocarcinoma to improve survival. However, only a few studies have focused on the clinical course of early gastric cancer (EGC) in the EGJ [7, 8] . Endoscopic submucosal dissection (ESD) has been accepted as the standard treatment for EGC because of its minimal invasiveness and favorable outcomes in suitable indications [9, 10] . With effective endoscopic surveillance, gastric cancers are increasingly diagnosed at an early stage. The proportion of early-stage EGJ adenocarcinoma cases has also shown an increasing trend over time, which may lead to more favorable clinical outcomes [4] . Given that the surgical treatment of EGJ carcinoma requires total gastrectomy, which has a negative impact on the patient's quality of life, it seems worthwhile to investigate the clinical outcomes of ESD and assess the advantages of ESD over surgery for EGC in the EGJ separately. Although there have been several studies reporting the clinical outcomes of ESD for EGJ adenocarcinoma, comparative outcomes of ESD and surgery have not been evaluated [11] [12] [13] [14] [15] . Therefore, we compared the clinical outcomes of ESD with those of surgery for EGJ adenocarcinoma using long-term follow-up data.
Methods

Patients
Patients who underwent ESD or surgery for Siewert type II adenocarcinoma between January 2005 and December 2010 and who met the absolute and expanded criteria for endoscopic resection were eligible. The diagnosis of EGJ cancer was based on endoscopic findings and gross findings of resected specimens, with the distal limit of palisading vessels or the proximal limit of the gastric rugal folds as landmarks for the EGJ. Siewert type II adenocarcinoma is defined as a tumor with an epicenter located within 1 cm proximal and 2 cm distal to the EGJ. The clinicopathological characteristics and treatment outcomes were retrospectively reviewed using medical records. This study was approved by the Asan Medical Center Institutional Review Board.
During the study period, a total of 203 patients diagnosed with EGJ adenocarcinoma were treated with ESD (n = 67) or surgery (n = 136) at Asan Medical Center. Of these, 11 patients who had previously undergone gastric surgery and 107 who did not meet the absolute or expanded criteria for endoscopic resection were excluded. In addition, 6 patients whose follow-up period after treatment was less than 12 months were excluded. Ultimately, 79 patients were analyzed. A detailed flowchart of the study is shown in Fig. 1 .
Treatment and follow-up
The choice of treatment was based on clinical information, the patient's medical condition, and patient preferences after explaining the advantages and disadvantages of each treatment modality. Endoscopic resection was performed by one of six experienced endoscopists, with all patients under conscious sedation. The detailed ESD technique has been described previously [16] . Patients treated by surgery underwent an open or laparoscopic total gastrectomy with lymph node dissection, with or without esophagectomy. Follow-up endoscopy was performed every 6-12 months during the first 2 years after treatment and annually thereafter. A computed tomography scan of the abdomen was performed annually.
Definitions
Patients were classified according to absolute and expanded criteria based on the final pathological diagnosis [17] . The absolute indication for endoscopic resection was mucosal, differentiated tumor without ulceration, B2 cm. The expanded indications for EGC comprised the following criteria: (1) mucosal, histologically differentiated tumor without ulcerative findings, [2 cm; (2) mucosal, histologically differentiated tumor with ulceration, B30 mm; and (3) minute submucosal tumor (\500 lm from the muscularis mucosae), histologically differentiated type, B30 mm. Histologically differentiated types included well or moderately differentiated tubular adenocarcinoma and papillary adenocarcinoma. Undifferentiated types included poorly differentiated tubular adenocarcinoma, signet ring cell carcinoma, and mucinous adenocarcinoma [18] . The macroscopic types of tumor were defined according to the Japanese classification of gastric carcinoma [18] : type I (protruded), type IIa (superficial elevated), type IIb (flat), type IIc (superficial depressed), and type III (excavated). Types I and IIa were classified as elevated types, types IIc and III as depressed types, and type IIb as a flat type.
En bloc resection was defined as resection of lesions in one piece regardless of the depth of invasion or lymphovascular invasion. Complete resection was defined as resection of the tumor with horizontal and vertical margins free of tumor. Even when tumors were resected in piecemeal fashion, complete resection was defined as removal of the entire lesion including tumorfree margins after reconstruction of all pieces. Resection was considered curative when en bloc complete resection was achieved and the tumor met the absolute or expanded criteria in the absence of lymphovascular invasion. When tumors did not fulfill the foregoing criteria for curative resection, resection was considered noncurative. Tumors detected at the resection site were defined as locally recurrent tumors. Tumors detected at sites other than the primary resection site within 12 months were regarded as synchronous tumors, whereas tumors detected more than 12 months after ESD were regarded as metachronous.
Adverse events occurring within 30 days of treatment were defined as early adverse events and those occurring thereafter as late adverse events. Adverse events were classified according to the Clavien-Dindo classification [19] . Stricture was defined as gross narrowing of the EGJ or anastomosis site and the presence of symptoms related to the obstruction or when resistance was felt when the endoscope was passed through.
Statistical analysis
Differences between clinical characteristics were assessed using the chi-square test, Fisher's exact test, or the Mann-Whitney U test, as appropriate. Overall and disease-specific survival rates, and cumulative recurrence rates, were analyzed by the Kaplan-Meier method, and comparisons were performed using the log-rank test. All statistical analyses were performed using SPSS 21.0 (SPSS, Chicago, IL, USA), and a p value \0.05 was considered statistically significant.
Results
Baseline and clinicopathological characteristics
Of the 79 patients included in the study, 40 underwent ESD (ESD group) and 39 underwent surgery (surgery group). Baseline and clinicopathological characteristics are summarized in Tables 1 and 2 . The median age of the 79 patients was 64 years (range, 40-80 years), and the maleto-female ratio was 7.8:1. Comorbidities including diabetes mellitus, cardiovascular disease, coronary artery disease, liver cirrhosis, chronic pulmonary disease, end-stage renal disease, and cancer were present in 27 patients (34.2%). The median tumor size was 21.0 mm (interquartile range, 14.0-30.0 mm). Of all the tumors, 46 (58.2%) were well differentiated and 33 (41.8%) moderately differentiated adenocarcinomas. Sixty-four lesions (81.0%) were confined to the mucosal layer, whereas 15 (19.0%) invaded the submucosal layer. According to the final pathological diagnosis, 29 lesions (36.7%) were included in the absolute criteria group and 50 (63.3%) in the expanded criteria group. The median number of lymph nodes that were resected during surgery was 33 (interquartile range, 27-37), and none of these revealed metastasis. Patients in the ESD group were younger, had significantly smaller tumors, and had fewer moderately differentiated adenocarcinomas and submucosal cancers than those in the surgery group.
Clinical outcomes of ESD
The clinical outcomes of ESD are shown in Table 3 . Of the 40 patients who underwent ESD, en bloc resection was achieved in 37 lesions (92.5%), with complete resection for 35 lesions (87.5%) and curative resection for 33 lesions (82.5%). Of the 7 patients with noncurative resection, 2 underwent subsequent surgery, and none of these patients had lymph node metastases. The remaining patients were followed up by endoscopy, either because of advanced age (n = 1), the cause of noncurative resection being solely that of piecemeal resection (n = 3), or involvement of the horizontal resection margin by adenoma (n = 1). None of these patients developed local recurrence.
Comparison of long-term outcomes of ESD and surgery
During the median follow-up period of 60.9 months (range, 13.1-125.4 months), the 5-year overall survival rates were 93.9% and 97.3% for the ESD and surgery groups, respectively (p = 0.376) (Fig. 2) . Because there were no gastric cancer-related deaths during follow-up, the 5-year S86 E.J. Gong et al.
disease-specific survival rate was 100% in both groups. There were no local recurrences of gastric cancer after ESD or surgery. Synchronous or metachronous lesions developed in four patients in the ESD group. All four underwent endoscopic resection, and curative resection was achieved in three cases; the remaining patient had deep submucosal invasion after endoscopic resection.
Adverse events associated with treatment
Adverse events occurred in 11 patients (13.9%) ( Table 4 ). The incidence of overall treatment-related adverse events was similar in the two groups (10.0% vs. 17.9%; p = 0.308). Of the adverse events, 7 were Clavien-Dindo grade III or higher [3 (7.5%) in the ESD group and 4 (10.3%) in the surgery group; p = 0.712]. In the ESD group, 1 patient required emergency surgery because of uncontrolled bleeding during the procedure. There were two cases of exposure and tearing of the muscularis propria layer during ESD; these were managed by endoclipping and supportive care. Pneumoperitoneum was not evident by radiography after the procedure, and these patients were discharged without any further intervention. In the surgery group, 1 patient underwent surgical management for mechanical ileus caused by internal herniation that occurred a month after surgery. Another patient had complicated fluid collection in the surgical bed and was treated with repeated percutaneous drainage and intravenous antibiotics. Duration of hospital stay was significantly shorter in the ESD group than in the surgery group (median, 4 vs. 9 days; p \ 0.001). There were no treatment-related mortalities in either group.
Discussion
It is thought that adenocarcinomas of the EGJ have different clinicopathological characteristics and are associated with worse survival than distal gastric cancer, which has a 5-year overall survival rate of 90.6% for surgically resected pT1 cancer [5] [6] [7] [8] . Therefore, we investigated the long-term outcomes of EGC in the EGJ separately, and found that the 5-year overall and disease-specific survival rates after ESD were comparable to those after surgery. The incidence of 
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ESD endoscopic submucosal dissection a Two patients had histories of cancer (hepatocellular carcinoma and colon cancer), and two patients underwent surgery for double primary colon cancer simultaneously at the time of total gastrectomy b One patient had a previous history of colon cancer, and two patients underwent surgery for double primary cancer (renal cell carcinoma and colon cancer) simultaneously at the time of total gastrectomy c Helicobacter pylori infection status was assessed in 11 of the 39 patients
Comparison of long-term outcomes of endoscopic submucosal dissection and surgery for… S87 treatment-related adverse events was similar in the two groups, and the length of hospital stay was shorter in the ESD group. To the best of our knowledge, the current study is the first to compare the clinical outcomes of ESD and surgery for EGJ adenocarcinoma over a substantial followup period. Surgical resection is the mainstay of treatment for gastric carcinoma that can achieve complete removal of tumors and lymph nodes. ESD has been considered a feasible alternative to surgical resection for tumors with mucosal or minute submucosal invasion, because for these tumors there is little or no risk of lymph node metastasis [17, 20] . Several recent studies have compared the clinical and oncological outcomes of ESD with gastrectomy, demonstrating favorable outcomes of ESD in terms of survival as well as perioperative outcomes [10, [21] [22] [23] . The long-term outcomes of ESD were comparable to that of gastrectomy, even when the analysis was restricted to EGC that met the expanded criteria [10] . In our present study, we compared the long-term outcomes of ESD to surgery for EGC in the EGJ that met the absolute or expanded criteria. The 5-year overall survival rates were 93.9% and 97.3% for the ESD and surgery groups, respectively, and the disease-specific survival rate was 100% in both groups. These results indicate that the clinical outcomes of adenocarcinomas in the EGJ are favorable when they are detected and managed at an early stage.
Although ESD has been found acceptable for the treatment of EGC, the curative resection rate for EGJ adenocarcinoma has been reported to be relatively lower than that of distal stomach [9, 24] . This finding is thought to be due to difficulty in predicting depth of invasion and in ESD endoscopic submucosal dissection, NA not assessed technical aspects related to the anatomical characteristics of EGJ, namely, the narrow and curved operative space. In the current study, the curative resection rate for the ESD group was 82.5% overall, 86.4% for tumors meeting the absolute criteria and 77.8% for those meeting the expanded criteria, which is comparable to those rates in previous studies on EGJ adenocarcinoma [13] [14] [15] [16] . A positive lateral margin was the main cause of noncurative resection, and there was no local recurrence during follow-up even when no additional treatment was performed, supporting the curability of ESD. The incidence of metachronous lesions is one of the concerns after endoscopic resection as almost all the gastric mucosa is preserved. However, considering that total gastrectomy has a significantly negative impact on patient quality of life, the preservation of gastric function might outweigh the possible disease burden of metachronous recurrence [25] . Moreover, with scheduled surveillance endoscopy, metachronous lesions can be detected at an early stage and so can be suitable candidates for endoscopic resection [26] . In our study, metachronous lesions were detected in 7.5% of patients after ESD. The interval between ESD and the detection of metachronous lesions ranged from 25.6 to 70.2 months, and all except one of these patients were treated by endoscopic resection with curative intent. As the cumulative incidence of metachronous lesions increases continuously even after several years of the index endoscopic resection, endoscopic surveillance after ESD should be scheduled for a substantial period [27] . In addition, eradication therapy for Helicobacter pylori infection has been reported to be beneficial in reducing the occurrence of metachronous gastric carcinoma after endoscopic resection [28] . Treatment-related adverse events may affect patient quality of life and prolong hospital stay. Previous reports on adverse events after endoscopic resection and surgery have been inconsistent. Although some reported that adverse events occurred less frequently in the ESD group than the surgery group, others found no difference between the two groups [10, 22, 23] . In our study, treatment-related adverse event rates were similar between the two groups. However, the late adverse events that required surgical management occurred only in the surgery group, which is consistent with a previous study [10] . In addition, the duration of hospital stay was significantly shorter in the ESD group than the surgery group. These results suggest that ESD is an acceptable treatment option for EGC in the EGJ.
Our study had several limitations of note. First, because our analysis was retrospective, nonrandomized, and conducted at a single center, potential selection bias and referral bias cannot be excluded. Another possible limitation is that the number of patients included in each group was small because of the relatively low incidence of cardia cancer in Korea [3, 4] . Although none of the patients in the surgery group had lymph node metastasis in this study, the possibility of lymph node metastasis cannot be completely excluded because of the limited sample size. Despite these limitations, our study compared clinical outcomes of ESD and surgery over a long follow-up period, supporting the feasibility and curability of ESD for EGJ adenocarcinoma. Our results suggest that there is a possibility of avoiding total gastrectomy in patients with EGC in the EGJ, which is of great value to patients.
In conclusion, ESD is an effective and safe treatment for EGC in the EGJ, on the basis of comparable long-term outcomes to surgery. For tumors that meet the absolute or expanded criteria for endoscopic resection, ESD is an acceptable alternative to surgery and favorable outcomes can be expected.
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